Abstract -The energy contributions of metal-carbon and metal-ligand bonds in a variety of organometallic compounds are examined to seek trends as the metal or the ligand changes. In general, the bond energies D(M-X) for metals from the same group increase as the energy of atomization of the metal increases. Metal-carbon bond dissociation energies fall along the sequence D0(MC) in diatomic carbides >
INTRODUCTION
The enthalpies of formation of more than 400 organometallic compounds have now been determined ; roughly one-half of these were obtained during the past decade, and relate to . The current data-bank is sufficient to seek possible trends in metal-ligand bond energies on passing from one metal to another, along or down the Periodic Table, but there are serious gaps and for some metals (e.g. lanthanides) very little is known.
DEFINITIONS AND SYMBOLS
The term 'bond energy' is widely used, but it needs to be defined. For a gaseous diatomic molecule, MX, the energy (UD) of the dissociation process MX(g) ÷ M(g) + X(g) is temperature dependent. The symbol D is used for the dissociation energy at the absolute zero, and D for the dissociation energy at 298 K.
refers to the standard enthalpy of dissociation at 298 K, i.e. U°.
= energy of disruption = H0. On the basis of "bond-additivity", AU° is equated to the sum of the bond-energy contributions in the molecule, e.g.,
and the evaluation of the individual E values is an arbitrary process, depending on the distribution rules of the scheme (Ref.5) adopted in apportioning iU° among the bonds present in the molecule.
AUXILIARY DATA
The evaluation of D or E values in organometallic compounds from their enthalpies of formation also requires tH values for gaseous metal atoms, and for ligands or free radicals bonded to the metal. The auxiliary data for the metals, listed in Table 1 Pilcher (1, 11) , and a correlation with the enthalpies of atomization of the metals concerned was noted. values (M = Si,Ge,Sn,Pb), plotted against AH(g) for these Group IV elements. In the case of Si, Ge, and Sn (all of which adopt a stable 'diamond' lattice in the solid state), AH(g) of the metal is twice the M-M single-bond energy, so that the plot, in effect, implies that D(M-H) and D(M-R) increase as D(M-M) increases. It is interesting that Pb (which does not adopt a diamond structure in the solid state), fits the same correlation curve. Figure 2 shows a similar plot for the Group V elements (M = P,As,Sb,Bi). In the solid state, As, Sb and Bi have the same rhombohedral structure whereas P is orthorhombic, and LxH(g) of the metal is approximately 1.5 E(M-M).
• M-Ph are negative if the replacement ligand is more strongly bonded than the displaced ligand, and are positive when the reverse is the case. Values of LH1, AH2 and are given in Table 3 . The available knowledge of dissociation energies, bond-lengths and ground-state multiplicities is insufficient to reach firm conclusions on the factors that influence metalmetal binding energy, but the variations with transition metals (and lanthanides) are irregular, and do not change with the ground-state valence of the metal atom in a regular manner. The role of 'valence-state" is frequently ignored by thermochemists in evaluating "bond energies' (we do not usually relate the energies of carbon bonds in organic compounds to a tetravalent carbon atom!), and transition metal bonds seem to expose a real need to do so.
